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INTRODUCTION

The purpose of this report is to compare the results of
honeycomb tests conducted by the Engineering Mechanics Research
Laboratory with results from honeycomb tests conducted by the
Natick Laboratories. The data used for comparison were ob-
tained from parallel test programs conducted by the two facili-

ties. Four 16 in. x 18 in. test samples each were cut at the

Natick Laboratories from 3 ft x 8 ft honeycomb panels selected

- at random from a contractors shipment.  This provided two

ostensibly identical sets of dual samples. One set was re-
tained at Natick and tested there. The other was shipped to
the Engineering Mechanics Research Laboratory at The Unlver-
sity of Texas and tested there. Two different honeycombs were
included in the program. One identifled as Honeycomb X, has

a crushing strength of approximately £300 psf, and the other
identified as Honeycomb Y, has a crushing strength of approxi-
mately 12,000 psf.

The raw data from the Natick Laboratories test seriles
were furnished to the Engineering Mechanics Research Labora-

" tory along with Natick's own evaluatlon of these data. The

Natick results plus an evaluation of EMRL's test data in
which hand fitting of acceleration records was employed pro-
vide the first set of results for comparison. As a part of
the program, EMRL also evaluated the Natick raw data. Because
of the form of these data, however, the usual hand smoothing
data reduction methods were not satisfactory. Consequently,
a new method was devised which uses a computerized mathematl-
cal curve fitting procedure. This procedure was used to
evaluate the Natick data and to re-evaluate the EMRL data.
The EMRL and the Natick results obtained by both data reduc-
tion methods are compared.

A brief description of the experimental procedure used
for the EMRL tes%s 1s presented and the data reduction tech-
niques are discussed in detail, The report 1ncludes tables
of the results obtained from the raw data plus statistical
comparisons of these sample results. A brief discussion is
given of a method for statistically inferring some knowledge
of the properties of the entire honeycomb shipment from which
these samples were selected. A detailled discussion of the
EMRL testing techniques is included in Appendix I and stress-
strain curves for all tests made are included in Appendix II.

1
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COMPARATIVE TEST PROGRAM

Egperimental Procedure

The test samples Honeycomb X 1-A through 10-B and Honey-

. comb Y 1-A through 6-B received by the Engineering Mechanics

Research Laboratory were tested in two separate drop serles
using the EMRL, 85 foot .drop facility. A speclally designed
streak cameral® is used.to record the instantaneous height of
the mass during impact. Strain as a funcilon of time 1s de-
termined from this record. The instantaneous stress in the
honeycomb is directly proportional to the acceleration of the
impacting mass. This acceleration 1s measured as a function
of time with a Statham** 500 g fluid damped accelerometer,
an oscllloscope and a polarold camera. To reduce oscilla-
tions in the acceleration record, a 500 cps low pass filter
is used in the acceleration measuring circuit. The stress-
time and strain-time records are then converted to stress-
strain curves using the ."hand fitting method" and later, for

comparison, the "computerized least squares method."

A more detailed discussion of the EMRL experimental drop

" test procedures 18 given in Appendix I, The test procedures

used by datick are described in Reference 2.

-
-

Data Interpretation

By definition, the strain in the honeycomb speclmen ls
the ratio of the amount the specimen has been crushed to the
original thickness. These measurements can be taken directly
from the streak record which is a smooth continuous photo-
graphic curve indicating absolute height of a small l1light
mounted on the falling mass. The strain determined from this
curve will be a very good approximation to the average strain
in the specimen, provided the light 1s mounted near the center
of gravity of the mass and the impact is reasonably plane.
Assuming that these two condltlons are met, measurement of

- #Superscript numerals indicate references given in the
List of References.,

**Mod. A5-500-350.




SR T AR On e v = ke m .

s e £tia o i i

PRR——. Ve R e

strain {rom streak records 1s a straightforward process
requiring no interpretive decisions on the part of the data
analyzer.

Unfortunately, deduction of the stress within the honey-
comb specimen from the acceleration-time record obtained 1n
the above manner is not so straightforward. Decause the
accelerometer 1s mounted or the impacting mass, the accelera-
tion measured is actually that of a mechanical body that has

~1ts own resonant frequencies and natural modes of vibration.

In addition, because the accelerometer 1s also a mechanical
body and its internal parts vibrate naturally upon impact,
its electrical output 1s not always proportional to the
acceleration of the impacting mass.

The effect of the presence of these two addltional vari-
ables 1s thought to account for the majority of the hlgher
frequenry oscillations that appear on the stress-time records.
This ap.ralsa. 1s supported by observations of the appezarance
of aceeleration records taken using impacting masses ol vari-
ous degrees of rigldity and accelerometers of varying natural
frequency. Turther support 1s obtained from the appearance
of acceleration records obtalned during tests of a new gMRL
honeycomb tester now under development for Natick Labs.

Since the oscillations on the acceleration record apparently
do not represent dyramic crushing stress properties of the
honeycomb, the data analyzer 1s obliged to infer these proper-
ties from the record. On an idealized basis, average efiects
of the os:illatory motion of the mass and the accelerometer
as mechanical bodies subjected to a step input in lorce are
theoretically zero. Therefore, the logical step to use :@n
reducing the data from the acceleration record is to replace
the original oscillating curve with a curve that represents
the average instantaneous acceleratici of the impacting mass,
reflecting as closely as possible the essential shape of the
origiral curve and contalning beneath it the same area as
does the original curve. The electronic filter mentioned
above 1s a physical method used for tihis averaging purpose.
Cscillations that are still present in the record after
f1ltering however, must be averaged by the data analyzer.

A second problem involved in obtaining stress-time prop-
arties from the acceleration-time record is due to the rinlte
response times of physical systems. Because the accelerometer
1s a physical system, 1t requires a {inlte amount of time to
respond to any changes in the veloclty of the mass. The
oscilloscope also has a time lag in 1ts response to the signal
input, and when the filter 1is included as part oL the measur-
ing clrcuit, the time lag 1s cven greater. Consequently,
though the crushing stress at the Interface between the im-
pacting mass and the honeycomb specimen may build up almost

e A2 03¢ By Rt~ KR ’f
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instantaneously at first contact, the measuring system will
not be able %o respond fast enough to indicate what has )
actually taken place. The stress will not build up instan-
taneously because the impact will never be exactly plane.

' The instrumentation will still lag somewhere behind the
- physical event however, regardless of the planeness of the

impact. The measuring system time lag and the planeness

Efof impact of the mass on the honeycomb specimen must there-
- fore be taken into account when the initial rise of the ;
- stress-strain curve and initial value of crushing stress are

determined. The true form of the stress-time curve at the
instant of impact is therafore subject to an inverpretatlon
that must be made by the data analyzer. '

Thus in order to make sound technical use of the infor-
mation contained in the acceleration-time record and the
streak record, some decisions must be made as to which prop-
‘erties indicated by the data are actually dynamic crushing
stress. properties of honeycomb. In particular, the analyzer
must use his Jjudgement to: '

1. Fit an average curve to the osclllating acceleration-
- time record. :

-2, Determine how to represent the initial part of the
stress-strain curve. ‘

Data Reductién Methods

Two methods were used to reduce the raw acceleratlon-time
and displacement time records  obtained during test to the
dynamic stress-strain properties of paper honeycomb. The re-
quired decisions about the form of the data were made for both
methods.

Hand Fitting Method

Using the OSCAR* digital data reductibn machine, stress-
tie points were read directly from the acceleration-time
record. The poirnts were chosen from the record 1ln such a way
that a replot produced a good reproduction of the original
curve. At this point, an "average" curve was hand filtted to
the data, using the guidelines outlined in the Data Interpre-
tation section. The point at which this hand fltted curve
intersected the initial rise of the stress-time record was
specified as the dynamic yleld stress po;nt for the honeycomb.

*Benson Leh.,er Company, Model J.
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- A typical record with a bhand ritted average curve 1s shown in
Fig. 1.

_ Strain-time points were obtained directly from the streak
record, also using the. OSCAR, and replotted on a larger scale.
By selecting average stress and measured strain values corres-
ponding to a given time after impact (indicated by the time.
scale on both plots) a dynamic stress-strain curve for the
honeycomb under test was constructed. Figure 2 shows a typi-
cal hand fitted stress-strain curve (dotted line) superimposed
over an actual point by point correlation of the original
stress-strain data (solid line). As ¥ig. 2 indicates, the
initial yleld stress apparently does not occcur until the
honeycomb has been stralned to over 5%. For a six inch speci-
men, 5% strain represents 0.3 inches, which 1s much more
crushing than 1s actually required before the yleld stress 1n
the honeycomb is reached. In fact, -the crushing stress is
actually reached for values of strain much less the - 1%. The
apparent strain of 5% is due to the time lag in the response .
of the measuring system and the lack of planeness in the :
impact. To more nearly indicate the true stress conditions
during impact, therefore, -the initial dynamic yleld stress 1is
considered to occur at zero strain, and the stress between
: . 22ro strain and the indicated yield point 1s considered to be
s constant at the dynamic yield stress level as indicated by
Fig. 2. _ ,
The energy absorbed to 70% strain in the honeycomb 1is
obtained by measuring the area under the dynamic stress-strain

curve from zero to 70% strain. The average crushing stress
to T0% strain is obtained from: ' :

(Avg. Crushing Stress to 70% Strain)
= (Energy Abs. to 70% Strain)/b.TQ .

Natick Data

The hand fitting method requires the data analyzer to
construct an’ "average" curve for each set of test data ob-
talned. The interpretive process thus occurs for every d
stress-strain curve and the quality of the data obtained de- )
pends to a large degree on the skill and experience of the
analyzer. When the stress-time records are relatively free
of oscillations, the averaged curve is not particularly diffi-
cult to fit. When there are extreme oscillations on the rec-
ords, however, the averaging process becomes very subjective,

* and the analyzer has little confidence that his results will
be repeatable. For this reason, the reduction of the Natick
Lab data by hand fitting methods proved to be a relatively

J e ——
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4ifficult problem. Tie diflerence in the appearance of the
dota odtained by SMRL for Honeycomd X sample 7 and that ob-
vained by Natick for the saie sample is evident Trom Fig. 3.%*
Two views cof one of the Natick acceleration-time curves are
shown in Pig. 4. Tre dotted line on toth curve 1 and curve 2
represents the pand fitted average curve drawn by the analy.er
or. two dirfferent occaslons. on two separate copies of the
§nlarged'stress—time plot. Pigure 5 showWs now these tuo
average" curves compare. .nile the difference betweer the
results obtained from the twWo averaged curves 1s not lzrge,
iv is at least as larre a3 ti:e variance expected in the oreop-
erties of the honeycomb.

Consequently, to try and improve the repeatability oi tne
results of the data reduction, a mathematical least squares
curve ritting procedure was develope: using a digital cooputer.
The cdeclislions with respect tc the interpretatlion of the prop-
erties of the honeycomd {from the raw acceleration-iim2 an3
displacement-time data still had to be nmagde for this procedure,
buv these decisicrs could be Ineorporzied inic Lhe selecticn
o data points used in the computation and in the order of
vhe poiynor:ial used Tor the curve Titting. Sc once tie compu-
tational method is estabi.shed. the datz anaiyzer o:ly r2as to
select speciiied points from the original data and ne inter-
mediate interpretive decisions cre required on nis part.

Least Soquares lMethod

Zne method of analytically "fitting” a curve to .a set of
scattered data points is the method of Least Squares. Using
this method, the coefficiernts of a polyromial of specified
order are adjusted in such 3 way that the curve penerated by
this polynomial represents a "vest Tit  zpproximation to *fhe
actual data points. Peferring to Fig. 5, th2 :smocoth curve
snown is generated by a polynomial of crder = 2and is repre-

sented by the equation:

h

Yp = % + MX + LpX +A3X3 + L.+ X

where Yp is the value obtained from tre equation

*1s indicatel I: the Jata Interpretation section, this
difference is probably due to the dif{erences in testing tech-
niques of the two facilities, including types and Trequency
response of accelerometers used, frequency respens: of elec-
tro.ic filtering used, and the mechanical systems used tc

a2ccomplish the tests.
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for the actual abscissa values, X.

The mean square difference between an actual data point, Yi
and the predicted "best fit" data point is:

€
i34 = (Yi - YP.’L

)E‘

To obtaln the values of the coefficients for the polynomial

ziven above, the sum of all the mean square differences be-

tween actual data points and predicted data points 1s mini-

mized by differentiating this sum with respect to each coef-
ficient, specifying that this derivative be zero for each

. equation obtained, and solving these cquations simultane-

ously.

a .
. €

1=0

The resulting equations are called "recurrence" equations and
take the followlng form for a 2nd order polynomial

N N
= X A 2
1=1 =1

M=
>~

’_l-

s
{

- 2 3
AOZ Xy + Ay le + As le

N
2y = 2 " x3 4
D, ¥puy = 4 DXt ) ray )X
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A computer program identifiea as LSCFWOP (lLeast Squares
Curve Fitting with Orthogonal Polynomials), is available for
solving these equations for large numbers of data points,
and for high order polynomials.

Three choices had to be made with respect to the use of
this data reduction method before it was applied generally to
the honeycomb test records: )

1. A method for selecting, from the original data, the
data points that were to be used in the calculations was

chosen.

" 2. Based on the guideiines established for the best
average curve"‘in the Data Interpretation section, the order
of the polynomial chosen to fit the data was selected.

3. A method for accounting for the apparent lag in the
initial stress rise was selected.

The method for selecting the data pcints to be used in
the calculations was based on two guidelines. First, a suf-
ficient number of significant polnts should be used to ade-
quately represent the original curve. Second, these signifi-
cant points should be easlly recognizable to a relatively
unskilled data analyzer. The points chosen to satisfy these
conditions were the peak points of all maximum and minimum
oscillations of the original curve and ail points of inflec-
tion occurring between these peaks.

The general shape of the "average" curve was determined
by the order polynomlal used to generate this curve. To the
eye of the data analyzer, the general shape of the original
stress-time records appears to have up to fivé changes 1in
inflection, or bends. A sixth:order polynomial 1s required
to generste a curve with this many inflections. Consequently,
the order of the polynomial that generates the best fit curve
probably lies somewhere between 2 and 5. A trial run for a
specific honeycomb test record was made to determine the co-
efficients of polynomials of order 2 through 5 to see which
provided the apparent "best fit." Figure 7 shows the origi-
nal data used and the curves generated by 2nd, 4th, and 5th
order polynomials,

The curves, generated from points selected 1n the manner
described above, were compared to the original data on the
basis of the apparent best i'it, and conformation to general

shape.

The 6th order curve was the apparent best fit, except
for the region of the curve between zero strain and the

. ——— 5 PN PN W LY
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delayed, Indicated yield stralr.. To compensate for the high

- indicated stresses in this region, the initial yield point

was shifted back to the zero atrain level and the programs

were rerun. The effect of thisz shift is indicated by Fig. d.

The general shape of the best fit curve looked reasonable
and comparisons of the areas beneath this best fit curve, a
hand fitted curve, and the actual point by point correlation
curve, indicated satisfactory agreement.

Integration of the polynomial generated curve to obtain
the area beneath it from zero to 70% straln was performed by
a digital computer. From this integration, values for the
energy absorbed to 70% strain and the average crushing stress
to 70% strain were easily determined.

A comparison between crushing stress values obtained by
the hand fitting method and those obtained by the least
squares-computer method 1s made for the entire seriles of
tests conducted by EMRL and is included in the next sectlon
of c¢his report. After this comparison was made, the least
squares computer method was used to reduce the Natick tests
and the results represent EMRL's evaluation of the Natick
Data.
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COMPARISON OF RESULTS

Tables

Tables 1 and 2 contain sample by sample listings of the
average crushing stresses determined for the honeycomb speci-
mens tested. Table 1 presents the results for the Honeycomb X
samples and Table 2 presents the results for the Honeycomb Y
samples. For each honeycomb sample listed, crushing stress
values are shown for the EMRL hand fitted data, the EMRL data
reduced by computer (LSC), the Natick reduced Natick data,
and the Natick data reduced by EMRL computer. <he mean or
average value of each set of samples tested is included at
the bottom of each listing, along with the s%andard deviation
for the set. The average energy dissipation to 70% strain is
also listed.

Methods for Comparison

Sirnce the intent of the test plan was to compare the
average crushing stresses for honeycomb specimens cut from
the same honeycomb panels, the results of the tests are first
compared on a sample by sanple basls. Some indication of the
sample by sample correlation can be had simply by noting the
general trends of the results listed in the tables. However,
a more formal method for determining the degree of correlation
petween two sets of results 1s to obtain a best fit stralght
line relationship, or first order regression line, between
these sets using the corresponding sample values to determine
the points of a scatter diagram, Thils diagram ic an x-y plot
with the first "random variable" plotted as the ordinate and
the second plotted as the abscissa. After the regression
line 1s determined; a measure of the spread of the actual
data points about this best fit approximation is provided by
the correlation coefficient. A sample scatter diagram illus-
trating the comparison between the EMRL hand reduceé data and
the EMRL computer reducea uate 's nrovided as Fig. 9. Using
the following definitions

‘S = Average crushing étress to 70% strain for a given
honeycomb specimen

16
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TABLE 1
TEST RESULTS FOR HONEYCCMB X

Engineering Mechanics

Research Laboratory Natick Laboratory
, i _ Aver. Stress
i Aver. Stress Aver. Stress (Natick Aver. Stress
Sample Hang Fitted Computer " Computed) Ccmputer
psf vsf ' psf psf
1A 6140 757 6125 5370
2A - - 6070 6672
3A 7050 7828 £910 6305
3B 7120 7149 - -
ha 5620 5723 6910 7521
bR 8750 _ 5763 - L=
5A 6040 5879 5625 5745
58 6540 : 6446 - -
6A 5730 - 5719 6C75 5886
6B 5850 5756 - -
T7A 6340 6470 6930 7743
b 6990 - 6670 - - -
3A 6410 - 5846 6330 7125
8B . 6360 6198 - -
SR 9A 6680 6721 6380 6337
P . 9B 6580 6471 - -
: P i0a 6620 - 6430 5870 : 6019
F' 3 10B 6890 6696 - -
F
E;. Mean : ,
%‘i Value 6272 6335 6223 6530
b ~ -Standard
g, Deviation 467 67C - Los 674
Aver.
Energy -

3 : Dissipated 4390 4420 4360 4560
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TABLE 2
TEST RESULTS FOR HONEYCOMB Y

Engineering Mechanics ;
Research Laboratory Natvick Latoratory

Aver. Stress

Aver. Stress Aver. Stress . -
Sampie = Hand Fitted Comouter (gzgéited) Avggipizéiss
psf psf psf psf
1A 11070 10649 10900 12278 J
1B 11771 11076 - -
2 - 11291 11360 1140¢C 9490
2B 11490 11153 = -
3A 11220 10336 10650 12080
3B 11750 10373 : - - -
Ty 10900 10340 11200 13069
4B : 19570 9996 - -
5A 11700 12050 11450 12343
58 12180 11536 - -
6A 11061 10885 11510 12561
68 11600 10692 - -
Mean J
Value 11383 10887 11185 11970 ]
Standard ' o -
Deviation 429 563 313 1150
Aver.
Energy :

Dissipated 7960 7610 7810 7870
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A aird B subscripts refer to the two different sets of
data, or random variables, used in the comparisons.

The equation for the regression line is:
Y aB
Spp = Mo+ —— (Sp - M)

where S, 1s the predicted crushing stress for the A
samples.

The correlation coefficient p, defined as
¥ AB

% %B

is a measure of the spread of the points of the scatter dia-
gram about the regression line, and may vary from minus one
to plus one 1n magnitude.

Ideally, the regression lines for the sets of data com-
pared in this report would all pass through the zero poin%t
and have slopes of 45°, and the correlation coel{ficients
would all be 1.0. This would mean that each sample tested
had the exact same crushing stress as 1ts counterpart
selected from the same honeycomb panel. The closer a given
set of. results comes to meeting these conditions, the closer
the quantities defined above will be to the ideal. If the
results are totally unrelated, the value of the correlation
coefficient will be O and the slope of the regression line
may be anyshing from plus to minus infinity.

For further reference to these statistical procedures,
Introduction to Probability and Statistics, by Birnbaum,
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or any Pumber of similar texts on statistics, may be con-
sulted."»>

While the statlistical methods of correlation provide a
formal procedure for obtaining some insight into the rela-
tionship between "random variables," placing too much empha-
sis on the actual numbers obtalned for the correlation co-
efficient and the slope of the regression line could be very
misleading. These quantitles are best used as general com-
parison indlicators and are only defendable as such. Need-
less to say, the smaller the statistical sample used to pro-
vide these indicators, the less the confidence that can be
placed in the results.

A more general indication of the correlation between
two sets of data 1s obtained simply by comparing the average
values of these sets. These average value indicators are
the means, and the standard deviations, and they can provide
a useful fir.t glance correlation. Even though the sets of
data may appear essentially independent on a sample by sample
basls, they may very easlly have the same statistical average
values, indicating that they may derive from the same "sample
space" (in this case, the entire coll:ction of honeycomb
panels from which the samples were taken).

Both the sample by sample and the average value correla-
5ion techniques are used to provide some insight into the
relationship between the sets of data selected for comparison
in the next section of the report.

EMRL Data Reductlon Compariscns

In order to establish a measure of the agreement between
the hand fitting method of data reduction and the least
squares computer method of data reduction, the results ob-
tained by both methods, for both the Honeycomb X and the
Honeycomb Y tests, were compared sample by sample and on an
average value basis., Since thes2 results were actually for
the same tests, and not for just similar tests, anything
less than perfect correlation 13 due to differences in the
data reduction techniques and represents what can bz con-
sidered to be errors in one or the other technique, As can
be seen from Table 1, the treads, sample by sample, of the
results appear to be general.y similar., This is borne out
by the slope of the regression line and the value of the
correlation coefficient. The equation of the regression
line for the Honeycomb X data 1s :

Shvg. (Least Sq. Comp.) = 1.135 S,y (Hand Fitted ) - 928 psf.
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And the value of the correlation coefficient for these two
sets of data 1is:

p = 0.784 .

The equation for the regression line for the Honeycorb Y
data 1is:

Savg(L.5.C.) = 2.1 Savg (H.F.) - 13,100 psf
And the value of the correlation coefficient is
p = 0.608 .

Cn an average value basis, the means for the sample results
are

Honeycomb X Honeycomb Y
Hand Fitted : m = 6335 11,383
Least Squares Computer m = 5272 10, 887

From these values, the mean values for the Honeycomb X data :
are within 1% of one another, while those of the Honeycomb Y .
data are within 5% of one another.

Considering the number of samples involved, these sets
of results correlate reasonably well. The correlation for
the Honeycomb X data 1s better, probably because the raw
data were relatively free of extreme oscillations* in the
stress-time records and were easier to interpret. As a gen-
eral rule throughout these comparisons, the more extreme the
oscillations in the stress records, the worse the statistical
correlation was for the sets of results.

" Natick Data

A similar correlation of the Natick computations with
the LSC results for the Natick data produced the following:

The regression line equaticn for the Honeycomb X data:

SAVg(Natick) = 0.533 SAVg(L.S.C.) + 2743 psf

*This 1s believed to be due in part to the lower accelera-
tion level and in part to the slight precrushing of Honeycomb
X 1in the manufacturing ‘process. ’
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and the correlation coefficient
p =0,888 .
The regression line equation for the Honeycomb Y data:
Spyg(Natick) = 11,750 - 0.047 Spyg(L.S.C.)
with the correlation coefficient
p = 0.174 .

Record Number 2 in the Honeycomb Y results, because of
the violent oscillations on 1t was particularly difficult to
hand fit. Probably because of this the average stresses
indicated by the two methods of reduction differ by almost
2000 psf., A record of this type probably should be discarded
if 1t turns up in a testing program., If it is discarded here,
the regression line equation becomes

Spvg(Natick) = 5342 psf + 0.465 Spye(L.S.C.)
and the correlation coefficlent becomes:

p = 0.48

The means for the Honeycomb Y results, reduced by the
two methods become: :

Natick reduction 11,142 psf
Least Squares Computed 12,465 psf

These values are now within 10.6% of each other. This is
probably an intolerable difference but it should be noted
that only 5 tests are represented in these calculations,
This 1is too small a number to give a reliable comparison of
the two methods of data reduction.

For the Honeyccmb X sampies reduced by the two methods,
the means are

Natick reduction 6223 psf
Least Squares Computed 6530 psf

These values agree within 5% of each other. The better
agreerent is due in part to the reduction In oscillatlion on
the records, as compared to the Honeycomb Y records, and to

the greater number of samples.
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Honeycomb Crushing Stress Comparlsons

s
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The results to be compared now are those obtained from
tests which were actually different, though planned to be as
closely alike as possible through use of honeycomb specimens
cut from the same panels. The regression line equations and
correlation coefficlents obtained from the computer analyzed
data are as follows:

Honeycomb X
Regression Line Equation SAvg(EMRL) = 6083 + 0.029 SAvg(Natick)
Correlation Coefficient p = 0.029

EMRL Natick
Mean Values 6272 6530
Standard Deviation 570 874

Honeycomb Y
Regression Line Equation Spayg(EMRL) = 11,840 - 0.08 SAvg(Natick)

Correlation Coefficient p = -0.1540

EMRL Natick
Mean Values 10,887 11,970
Standard Deviation 563 1150

The mean values for these results compare within 4.2% for the
Honeyconb X tests and within 10% for the Honeycomb Y. The
regression line equations and correlation coefficients obtained
from the hand fitted analysis of the data are:

Honeycomb X

Regression Line Equation SAvg(EMRL) = 10,054 - 0.585 SAVg(NaticK)

Correlation Coefficient o = - 0.51

EMRL Natick
Mean Values 6272 6223
Standard Deviations 429 563
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The mean values for these results compare within 1% for the
Honeycomb X tests and within 4.2% for the Honeycomb Y  tests.

Sample by Sample Comparison

For elght of the tests conducted by EMRL on Honeycomb X,
results were obtained for both the A and the B specimens
which had been cut from the same honeycomb panel. A correla-
tion between the computed sample ‘A results and the computed
sample B results, where ail tests were conducted by the
same facility and under the same conditions, provides some
indication of the uniformity of the properties that should be
expected for the honeycomb panei. The results of this correla-
tion are as follows: ‘

Regression Line Equation.SAvg(A samples) = 1.21 Spyg (B samples)
- 1623 psf

Correlation Coefficilent » = 0.83

The sample by sample correlation between the EMRL results
and the Natick results does not indicate this degree of com-
parison. However, the EMRL-Natick correlation is blased by
the effects of the different testing techniques of the two
facilities. It seems reasonable to expect the crushing stress
values of speclimens selected from the same honeycomb panel to
agree more closely than those from specimens selected at ran-
dom from the entire shipment.

Average Value Comparison

On an average value basis, the results of the test series
compare reasonably well for both methods of data reduction
and for the tests of both facllitles. As indicated in Tables 1
and 2, the stanuard deviations for the sample results reduced
by computer are consistently larger than those for the results
reduced by hand fitting. The probable reason for this 1s the
data analyzer's built in bias toward uniformity in his results
caused by his awareness of the results he has already obtailned.

Statistical Inference

The underlying reason for conducting honeycomb tests on
a sampling basis such as those repor%ed is to provide some
method for predicting the propertles of zntire honeycomb ship-
ments. From the results of these sample tests, 1t should be
possible to statistically infer something concerning the
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- properties of the entire shipment. For instance, from the

test values provided by the sample, the mean value of the

crushing stress of the entire shipment may be predicted with:: .

certaln specified limits with a given probability or given
degree of confidence. If the crushing stress variable can
assumed to have a normal or nearly normal probability distr -
bution, these limits can be specified with relatively good
confldence, depending upon the number of sample tests made.
For a normelly distributed crushing stress variable with a
given mean and standard deviation, Student's® theorem pro-
vides the following prediction for the overall mean value
with the corresponding limits:

o]
YN-1

where t, is called the critical value or confidence coeffi-
clent and is read directly from & tabulation of Student's t
Distribution.

Mzt

For the EMRL Honeycomb X test series consisting of 17
samples, the probability that the crushing stress mean value
of the entire honeycomb shipment will lile between the range

of
(6272 - 252)psf < M < (6272 + 252)psf

will be P = 0.95. The range +252 psf in this case was deter-
mined by the choice of 0.95 as the probability, or confidence
interval. For narrower limits, the probabllity necessarlly

1s reduced. 3Similar predictions can be made for tne standard

deviation of the entire shipment using the Chil Square Theoren. 5
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CONCLUSIONS

1. The results of the honeycomb tests are deper.ient on
the method of data reductlon used, particularly where large
oscillations appear on the stress-time records and th2 data
analyzer is called upon to make subjective interpretations.

The computerized Least Squares data reduction method 1s less

arbitrary than the Hand Fitting method and the results ob-
tained from this method are more defendable, from a r:peat-
ability standpoint, for this reason. Where a honeyco.nb
contractor's incentives are related to the results of these
sample tests, the fairest tests are the mos% objectiv: tests.
Consequently, the least squares method 1s preferable o the
graphical method, even though there 1s greater scatte~ in the
results obtained with this method.

2. The results of the independent, parallel test pro-
grams conducted by EMRL and Natick Labs are not consistent
on a sample by sample basis. On a statistical average value
basis, however, the results are reasonably consistent. Dif-
ferences in the statistical averages can be attributed to a
number of causes, including not only differences in test
techniques and data reduction methods, but also the rela-
tively small statistical sampling Involved. :

27
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- APPENDIX I

E Test Facilities
“i ~ The guided free-fall drop tower used by the Engineering <
o Mechanics Research Laboratory to perform the tests reported '
ir the body of thils report has the following specifications:
Lower Limit Upper Limit
: » Drop height 0 frt 85 ft
2 Impact velocity 0 fps 74 fps
- Weight of mass 248.5 1bs 2500 1bs
1 Specimen area 0 ft2 2 ft x 2 £t square
Specimen height 0 ft limited by stability
of stack during
: : inpact

. Photographs of various features of thils facility are shown
’ in Figs. I-1, I-2, I-3. The primary mass 1s made up of wide
flange beams welded together to form a box with diagonal brac-
. ing, with three-eighths inch aluminum plates bolted to the
N beams so-as to form the top and bottom of thc box. Thls mass
may be increased by bolting steel plates to the bottom of 1t.

A A 0 M e i g e 5

The base or anvil on which the specimen is placed to be
impacted by the falling mass is a 2! - 10" x 3' - 5" x 1' - 10"
reinforced concrete block resting on top of a 14 ' x 156 ' rein-

- forced conzrete slab 18" thick. A one-half inch thick steel
plate 1is bnltad and grouted to the top of the concrete block
vo provide a tough, hard impact surface.

R R

The force exerted by the mass on the cushioning material
during crushing 1s derived from the acceleration of the impact-
ing mass. This acceleration 1is measured with a fluild damped
accelerometer and recorded as a function of time with a Polar-
01d camera and an oscillosccpe. The instantaneous height.of
the cushioning material during impact is recorded photographi-
i cally with a Streak Camera specially bullc for this applica-

; tion. Peak crushing stress, average crushing stress, and
energy absorption are deduced from the measured values of
instantaneous stress and strain. Detalls of the test pro-
cedure and of the preparation of stress-strain curves follow.

At
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Stress Measurements

The crushilng stress 1s obtained by dividing the crushing
force by the area of the specimen. The crushing force exerted
by the mass on the specimen, 1s calculated using Newton's sec-
ond law of motion with tlie measured acceleration and the im-
pacting mass. Acceleration is measured with an accelerometer
which 1s mounted at the center of the top face of the mass.

A 500g, fluid damped Statham accelercmeter with a natural
frequency of about 2000 cps is used. This accelerometer 1is
the unbonded resistance type with an internal circuit in the
form of a bridge. The output voltage of the bridge multiplied
by a manufacturer supplied calibration constant represents

the instantaneous acceleration of the mass. This output volt-
age is recorded with respect to time using a high gain Tek-
tronix oscilloscope equlipped with a Polaroid camera. A zero
level trace and a calibration voltage ar: also recorded with
the accelerationrn trace. The calibration signal is obtalned

by shunting one leg of the accelerometer bridge with a known
precision resistance. The resulting output voltage is equiv-
alent to the voltage output from the accelerometer for a
steady level of acceleration. The zero level ana calibration
traces are recorded Just prior to drop. The acceleratlon rec-
ord is then superimposed on this picture. A typical accelera-
tion record is shown in Fig. I-4.

Strain Measurements

The instantaneous strain* in the specimen during impact
is obtained by dividing the instantaneous reduction in height
of the specimen by its original height. A streak camera 1s
used to record the instantaneous reduction in height. The
film for the streak camera is mounted on a rilgid vertical
cylinder which 1s driven by a synchroncus motor at 1800 rpm.
A small, intense, prefocused lamp is mounted on the top of
the mass and the lens of the streak camera focuses an lmage
of this pinpoint of light on the surface of the rotating
drum. As the mass moves vertically, the light also moves
with respect to the drum. The vertical dlstance the light
moves on the film is linearly related to the vertilcal dis-
tance the lamp and mass have moved durirg impact. The hori-
zontal distance the light moves on the drum 1s directly

*This 1s only an average strain since the crushing 1is
never uniform in the direction of force application. Crush-
ing usually starts at the top of the specimen and proceeds
toward the bottom.
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related to time. Thus, the resulting streak on the film
indicates the position of the mass with respect to time. A
2zero level streak is obtained by photographing the lamp while
the mass rests directly on the impact block. An original
height streak is obtained by photographing the lamp while
the mass rests cn the uncrushed specimen. A typical streak
record is shown in Fig. I-5. The straight inclined line AB
at the top of the record represents the motion of the mass
as it comes into camera view belfore impact. This line con-
tinues at the left side of the record at B'. Impact occurs
when this inclined line crosses the prerecorded original
height streak DE at C. Thereafter, the streak is curved
and the amount of crushing of the sample 1s prorortional to
the distance between the streak and the line DE. The pro-
portionality factor 1s obtained from tne distance between
the original height streak DE and the zero level streak
MN. As a matter of fact, the original height need not be

" known. The strain, as defined above, at a time ty, 1s the

ratio ab/ac.

The time scale may be found directly from the diameter
and rotational speed of the drum. These streak records can
be made in broad daylight if a dark background is provided.

- Impact Veloclty

Since the mass falls with essentially no external
forcis except gravity acting upon it up until the time of
impact, tue Impact velocity may be calculated from the rela-
tion:

V=V 2gh_

The drop height 1s measured by an electronic counter that
Indicates the number of turns of a precisely dimensioned

drum rotating 1n contact with the main 1ift cable. These
measurements are easily repeatanle withln five per cent.

This means that the impact velocity is repeatable within

two and one-half per cent. At the lower drop heights and
where greater preclislon is required, a direct measurement
of height can be made with a tape.

The impact veloclity 1s also cbtalnable from the slope
of the line AB 1n the streak record shown in Fig. I-5.

Preparation of Stress-Straln Curves

The acceleration and streak records shown in Figs. I-4
and I-5 are enlarged and plotted to the same time scale using
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a telereader and an x-y plotter. The instant of impact is
marked on both enlargements. Previous studies have indicated
that the oscillations which appear on the stress record are
caused primarily by vibrations excited 1n the mass by the
impact and are therefore not of any particular significance
so far as the stress-strain curve is concerned. Consequently,
the stress curve is "hand smoothed" as shown in Fig. I-4.

The siress records usua..y show a short delay between the
time the impact force begins to develop and the time at which
1t reaches a peak. This delay 1is czused by the mass not mak-
ing an instantaneous plane impact on the specimen, and by

the time constant of the accelerometer. The former can not
be avolded completely. It can only be minimized and then
neglected in the construction of the stress-strain curves.
Consequently, zero time for the force record is assumed to

be the time at which an extrapolation of the initial steeply
rising portion of the record cuts the time axis. This zero
time as shown in Fig. I-4 corresponds to the impact time
shown at C 1in Fig. I-5. The time constant of the acceler-
ometer is also taken into account in reducing the data as
will be explained later when the average crushing stress 1s
discussed.

Stress 1s plotted as a function of strain by ellminating
the parameter, time, from the stress-time and strain-time
records. A typical curve prepared in this way 1s shown 1in
Fig. I-5. The relatively constant crushing properties of
honeycomb are restricted to approximately 7O per cent strain
of the specimen, since "bottoming" begins at about that
strain level. When "bottoming begins,'" the stress level
rises sharply because the relatively open structure of 3she
honeycomb has been changed to an almost solid structure ani
very 1little more crushing can occur. The energy dissipation
properties of the honeycomb are measured with respect %o
70 per cent strain therefore, and are obtained from the
dynamic stress-straln curve by measuring the area underneath
this curve between the 0 and 70 per cent 3train levels and
multiplying by a scale factor. The area in the small tri-
angular area between the stress axis and the stress-strailn
curve 1s included because it 1s assumed that peak stress is
reached virtually instantaneously on the time scale of the
stress records. If this assumption were not made, one would
have to conclude that a linear elastic strain of nearly two
per cent 1s developed. As a matter of fact, the linear
strain is too small to measure by the method used here.

The apparent linear strailn is produced by the accelerometer
rise time which is approximately one-eighth millisecond.
During that time, a strain of 1 to 1.5 per cent 1s developed
when the impact velocity is 29 fps and the stack height 1s

three inches.
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The area ABC shown in Fig. I-6 represents the rebound
energy, or the elastic energy stored in the specimen.

The average dynamic crushing stress obtained by dividing
the energy dissipation value by 0.7 represents the mean value
of stress over the 0 to 70 per cent range of strain.
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APPENDIX II

STRESS~STRAIN CURVES FOR ALL TESTS

41




42

,L_.L-‘

B e O S

.

R .

. e e
. P
- g
CREEEE Y Coas
T THE
ERIE o - end

.- -

e e . e




43

Rt ST SORSUNE A poutayisata it et 34

: Tt 1 1 T T
&. R ,t.~ B . M 4
,h_ i Tt
+ [ ST S B E 1
‘ ¢ [T S N P
i T b
. [ R I S o
S b 3 " !
, IR 1 :
T O TR A 4 I
: : T
Pl REREE: .
S d @A.w?i: q
: : * 1
Sy e i d ol g dabd e B B
,._,.. | ﬁ*_ {
P i ! ’
IR o e
PRI ‘b .
! . i
e -4 ) i
R o dd H
|-_01.., ——-s e g +
[ R $oe
ey I S T -
P ) . e R I i
I R I ST .
. Py L.
e N I IR AT P .
PEEPEEPI PR b e e s ‘
PRSI TN [ T N :
I ! i
T T T . B
P SEPURSIY SR ST B . b
P e e PR Y . o . .
PRI FEESI PR S . f
. ..*. B ..,..w. B i
[T B P I b e ‘
s . Lo e e Ce
« ‘...— . . k] PR .
. Ca e C e
e . « .. ' .
« ' . . . . .
Gy P o .
. e . ’
. - . . ;
g omm—-te " ¥
B . . B . e h e :
e P .__ .
. A v . .
e e A . '
e e en P -
e .
e . .
' ,.‘...p i
R T B
* * T *
e e e e . PRI : H.
v ) HE e g - . . .
PRI ER B . e s . ' "o I
HECE I PP ooy . e . vy
e S I T P o PETE N
O I Ve . N i
I ' ' ‘ e i . } {
P . Ve fe e . f . e . S
.w.. T p oo . . s PR .m.. . _
. — e . 4 e p e —t
PN R B S Ly A A A |
v . o e . PR . . i
oo ' P e v PR P PEPERE . 4
I o ; : R o P e e f i
-
(TYNE) V-£-X quooAauoy ﬂ -1 e SRR ST
.u.,w e . ) o | ] ' . .. . - o .. o .
ey oy P T T TP ST R I Aﬁ_. . i . . s . . . . .
P T T e T T T ca , . . B .
. L : I el ! 3
‘s . ’ 3 .
s s i o ey 5 02 e et o e B B i 0 .
- .
T, L . .
L [ §7 ¢ " AR & SRRl il i ot S it ke s ik s




4

Ao

UoHl

|

B




MR

g e e e SO A

45

T e T

i 7 -

s

e

SENN e

et 5]

1

SR}
e

i S R R I
. e . . [ i
e e H PR :
L S A I
DRSUOH
SUR i . FO
“4 . [ N I
N . oY :
- [

T
oo b




T L T Rttt s s et s S 25 R Y R A R T 5 b b BB 4+ e s e 4 e me e cen e EE FES R [P A e, e e ek e e T T 2R

;....TL R P ]
»,ﬁuvl— m;.;ﬁ
4 et b4 e b
© +4- » bt e .
<« o B IR m
ML Fe o : .. ” :
SE B .. . !
ﬂ.i..J; 3 S i
. 3 | :
IS P oa " N .
e et g fooio. .
o .
B RS U B .- FE
. s R U ! : I
B e T
MRS SR e :
O R P
B N e
L e e
AR S ,
S
: i e : :
D eI d “ ‘
kb ey ey m. . . :
i P i,
DA B I
AR Y Y “
r + /
_L. : [
N T LA LN L. )
IR SRR T TR RTEEUTES BT B
R IR SRR Pades -
BEEEEERE R R S
-4'.mn.o. ahuA . v 0 . e
DR I AR NN AR EREE R ,oe - PRI [
e e e g e PR PR e e e o ey v o .
. PO + O s
...‘w.._. D e PRI P . v P
- ..Am-.c.w-... o . P Poe e e
..a.m,....,w. ..&_.A.‘ Y e s ‘.
. RS RS R R e A :
. . e 4 e e .....w.. G e . P L .
* o+ e e P . PR | .o . . . PR . PR .
{7 x
- , - (TdWE)  4-7-X quodAauoy :
- P ..~. B e . . H - o A ,A.)A....M . R ) - , - . 4“..... . &




47

|

1d4/SdIN NI 'S3941S

B P
O
- .
. ST
O O N , ; v . .- R e b
— ey e (S AR S JRRSRUUU S S S
1 ’ i
[ P .t R O T R S S . e .
PR S o e 4 e A . « - e L. et PO . AN d et . PR B - . . e e
- " 4 o
v A A2 2
' i .
. TN P R - - T . N I T ; PR . T
N P o . P e P R N . 8. .. : -
e S SR .1* B e SRR [P —drer . RO S S
. - e e e e 4. N N i . P ‘ . . [P PR ; .- . . - .
. PR D B e N . . - f . : . . ..
i ; i
‘ . .o . ‘e . b . v . PP . R PR PN o IR P T “ e P e e -
h : ; : i ! B '
: r . £ .
N . .. . .. . e ch e « 0. . .o e R PR Ve e FN . N [ . e H
. e b e e e e RN C e . e . R R BT s P .o i P PN N . - . . . \ . . . N P
« e e e . - P . P T S S P e e . - AN . [ N P R . .. *
P . . P T B Vo e PN P .
Y- ~ S PR N [P SRR SN F P S JP S
~-¥ quodA3uocy] , A i
P R B [T S e ey e e . e e . e . P .
. . . * . . P y e A P N IR e e . Vo . Lo PR . L e .. Ch e
Gl e P . ; [ I . CL L e e e . e e e C . . Ce . .
1 i I sk - bden L ! . H

. BRI o S 4 L e R b e e i A o P+ o o s




- £ P £ AR i TR T b

e A PR

S

e

Q.o ooy

i 4o

i
et
o R4

-
“Hy

e e

.

.
'




R I

t

O O

——

V-9-X

quooAsuor




PRI

i
4
i
1

.

.

u‘i“S. UV R _,; o ion et e

Jan

[PPSR SO SNy

i

jone e

-

s o ST

B
¥
‘

v

b ekt o

e

[




IR« = o -

i B T
L AR ) :
: + [ S,
[ i b e des
. 4 S -
: .
— e I :
L7 ] . . H - . ¥ =
- ‘0 d ”v“ Tl
s b e I [aps e e .
. L . . . . | i
RN i R

T
.
b
. i
i
, |
*
i
,. e R B R SRR PR - . 4 e e - e e e e e
. e . B e e e e . PR ey e . . MR . . . -
i ; ,. . — =
P . P . : [ SR s e H Qe e .o . __ .. . P . .
! . | i H ! T
[P U I R T R s o i e e e e e S e i e - . — e e e e
- L B . L. .- .. B A _ . L - . ..
e + . ” ; i e + T
. B . TN IR B T T e I A Cyoe . - . . .
. y, -.n‘w‘ttvn - ‘ . . L] . ... w. . . LRI .. u .. - P e . s .
: VI S S . . . O PO SR SN O e e
: CTTITITTTTUTTOTT (TUWd).,  v- L W quodAsuo ! ST ! N S
: : - . : c R ; . . oo .. .
! - e e B ey B P . f .t . . P . . . e
. S U S ._..w + o . w‘...h..’. B P . . i . Cy - . .
. i i i a S | ~
B » - . [y . .
B At Ui s B Dy} e B g P T N T - T e -




52

i

A S ot SRS

- ede

bean

fee e ek

PUTORT

P

i
i

g e

S R AN U AW S

il

P S ——

-

+

SN

B

-

B

.

LI/5ary NI Seu8Ls|

quiooZe;




|

P
H
!
w %
Pl MESRING B i
4 . PR m
m ¢« - PR TN SRR H
I R A
wn LN L.l W‘ :

i !

B T R S R RS e

[ R R -

\ !

4. & o e e e - - -

: . i

w‘..’ s T Y R ST

3 TS

T T T

[ [ T . e
FS P O Y

¢
_ !
N < N 1 i a
L.&‘ Nu-.< - . w‘ . s - . .. . . vw.;.v .e vs.v-
i H . ~
. —r “ 4 b&l!’la.f’.l,
FONT S v e e . ... e . . i . L. . .
R B s g e T - <. . - ‘.u.w.z‘
. - .d o iy PR S [ Coa e . . - . . . C e e e . M
. 4 - I R S S - Y
. . 44w s - . . . - . - . - .
}
]
¢

& e e

e

i
. s e PR . ol . . . - . . - . - . - .
. PO “ . . PR . . N - . .- PN - . .

8 IR R B o (SRR ES S S
. . —— i B T SR + St
p S L IE IS IRETIRERIE B A . R . S P R I L.
. T T T T
.. - <y . . ﬂ . .- - . . *. .. P
B : U A Sy S
[ - ” —— i e .r — e




Joa-

54

i

AT UL SN

1
i
14

SR YO N

SO GRS v

-4

uog

S

[,

S T
RIS QU

RPN




A 4
S
—

o

BRSO W Y
or forad s

. 1
b oo -
H 3 - WUNUIRPONS SupR - +-

SR - Sy A O,
X -
ISR SUOUP

]

- - »~——ti
“— - . : R Rl T e
. : - . — - s
. - - e & o
TS . .
-— - @~
f—— e st — UGN ERSUINEINE . e =l e = e
- . o N
N H B N .. s 4 -
-GV VU O 5 VS S, SRR W - —— e
i i Ll :
SRS 1
3
T S .-
H

B - i

p——— %
. i
E:-'-_ DU SN - . e i -
¥ - ; "
-~ + = - ———
o . 3 P —— —— - A ————
- — & -—

ycomb X-9-A

)
!

|

¥

i
lione

l

b - o———am

T —

— - — e e - -

P T 4

A

-t e oo

e -

e e e

R v el —— e et g
pome T S o rSamane
NI S-S UG RO DU SO = B

- . B me— |

—— e 4

T

—~— -—-~§ -
e -

e ere e g et v w- o

B e N B e

T S e e

3.
c

- e e an

——d e

4,

B

2

[y O DR S S D . SN e [

S SECPRI RO

Rt b St ..

3
.
*

.
»
.
o
.
.
.
+

——

.y .

DT S

!
-4
—— <-<.+ B, L R, T T UL S Sy -
P Ca e - PR PN DR A
B AR I NS 08 A
! LY !
[ e e e P AT .-
: " } i
H
4 ) . . o et e s e
¢
¥ -




b e e R

oo i

et B M 1

N D T

e drmies o er

+ g 1

[ S,

Tt

4

FINU TSI, o

’ ) —a - g
J . Fob e des
I
* . . A +
s . . 13
1 ! : !
4 e wd 4 . . 1y v ,
: : M_ w
v 1
| RRARNS:
_ NESRESENESRENS
SESHERESEEE LEL
| cn ERREERES:
. N Y [N i
_ . M. o
L d o1l - g
e s
1 1 . ’ o e
. r ! ] IRRRERES
| * j b ISR EREE
! i i " it Tt b
b p ] ol B R
! ! v P P
. . hH } ' . i e e
w . P EERRRRT
s M R T NP . “
) [ I I b
1 + [ Y H i
t ’ [ ' ' vt .".. ] )
: . . ; I P .
' H f i [ u". Ve P
i . — Soul : i

‘
{
¢
B




et S

B S G S —

- s

————e— e A

1
!

-
i
Il
i
.

_,\- —

]

SR SR
e e e A
H -3

e e

G-
S-S ———
LAY S .

4
i

.

P

T P e T e

b b e

2 :
—2 e S g e

Honeycomly X

'R W N

2

e ey i -

SO SR §

B e
| et e ]

et SRR PR R

o — - ?. - o]
PR TNV

e et e = < e ]

D

R

.

e

e e ey e ew I L
D R . em e . . B

- . N b .
- x4
*
- ) .
- e ———— A RN R S e
Tt y R n T ™ T - Y T
i3z i3 T L. * g - N IR . [ |
. R i N N : 4 - ‘ . = i : N H
:!: iyt 24 FUSEN SSVE HAUOU TN TSR S ‘ .
EBEEE BN i e i LU IS SESNIEIE NP 1S :
T 22 2 .-—r—a - \ N [T
M R N 3
IS ? v .
i3 . I H ]
F N A M x
M : “ P i
T R i
' H i i 1 !
™ T =TT +
1 3 i :
LR * 3 *
3 i i s H
- . . —
3 . 3 1 I o £ . * R
- by - ? * . B S
NS BN SRS i1 P
2 : N Hn sz i ;
Tt e H 3 — "
R TR o, . s '
SN AN NG i . . .
* . = ~— g e T — .
R S o - : a | 2o a3
LT R T T NS R : Fa
e e s
H [ - hi . - Lo b,
s : ST - IREDON I
. A J ica e—fa £
; - " N — X
SV R P S UL S —
2 » - P
PO S, — TS SN
T e —— - s : .
SPUNGIINE SO S Y-S
SR S-S .
SUDSHSIN T S

4 e g

T —"




L T U A v
e 0 i o e .Tii.:.hn\.; I R A A L . .
i . R e htl

o . . . . i

H

.
. S I O i e ! ! i
. 100 T O O O i ¥ ! i
aen -rgors R S Ry P DU S S B ‘ H
TR TR TR WY 1 T FS X W UN H
¥
0 0 0 0 0 A I O, Y B i~ :
4 oot Fededofode ddo bt -
o 4 - I -
- .M. ceofe g et nged v - [ P P.
h y =
o s I J Y O O Y
111 LT T 1
n chadenp e fondn fufind - do cfrndand o s .T.... ,+ll
¥ PO W % wof dufe U 2 A O N R SO T N S S S WY -
o 058 N o ek 4.4 I I % S bt d-t
FRY I O O B PR ST0 X T DY SN TR PN S N R IPF Y SR AR IO S SR R T R T T I .
whe N JIPY TS Y U O SR N U Y SR SO DR U S T ...L. - % T S SN :..4]. . 4 4
R 0 T DRy T JOF U V% T S P 6 O YOO . . i P R i O N S O -
4§ cpafedgcdep dof 4o
Y Y "N T R N N R S 1O S QO N [ [ 1
sof g oy o cifrrpoenduego oo ndionges fonde mbage %jl
T
' - g - . - Y YN e T
. B T I P S TN S0 O R R0 S A0 T N ) P G 0 N hadm
1_. TS R SO N O & I oot S TR I P B S S N B A -
b 9 o 458 <1 i
B - o y D S gl "
_ . Y e J*.ﬂl 3
! . T A
b o . b . R .. - .. *.? b e -4 ~ded :
doeded . JR S U S S N SO W N SO O R 09 IV TN - w4
! H - H ;
T v T Y T
o TR I I A B SR 2% A I I O P R
I IS T % S A U ! Y IS N0
F 8 U (Y S N T Y G S 1K R
34 . . & X . -r._w-w n:w; A _
. - . 8 - M .7|W, ,wnix..:‘.L i
Ty H ' ﬁ | t T Eetante IS
! * =t H m m - N
'} . . , . e ot et [ i
} N B O = i
. oo bd oy et e _ . H E ?
1 w et :

[EFU S SN

H
v ———

.
.
-

It
eyt

PRSEEFSNIRPIY JEUI L P T

' - MR .
. : dapeed fe §e . m . . 4 N SR ”
_ ; ==t :
odend o ¢4 A i w . Iy Y -
m ...x‘m.*‘« . i H , . v . yoL _
} . -4 L o Ve B
. J . 4o gd RN _ : ‘| ;._
-4 ~ K e gordonsts o i + i bl
m .8 T+ fwon Aouoy ST P
. } \ B N B I I I Pt
i IR EREEEE Podbifvoiaidd P R . A ,
. i
) ’ ' ¢




i |
| _ | |
- | AESERZSEAREE T R RRREEnsaans P
’ RIS 1. A | . e H id
. O B . 49 3 e R Y 2 SN R - - 4 i .H?L i
A ; _ — |
| 1t ) W
‘ 1T “
- 11 i . .
‘ ~ ged L1 e
- H
T e e il .
' .*-% . .L.._x;znx e cad e« qumnd e briob o be e 4.4 . . 1*,. )
u 4 ‘_4 - At i
PR RERI e !
A dd b :
_,m, ) i
) 4 m
;“ _ |
‘. aw.»‘ L. .W.JN ﬁu
oo T I.L 1T
B¢ SRR i |
5 - 4
ok aans i !
I SE I _
L 4 L _ LM t { i
SRSRERS ,..__._H,_ it # RERERRY| "
s s 4~¢" -~ ey u u.n & . E A “ M T~ “ M _. +
414 e;.:.m.* TR i Pl L
CTTTTT ST T LR T3
= S R RE ”MQ a {4 ' ok * .» f - .
e . .* Ceae e . . : X M. 3 [T -
111 1 ~ ; * __ . . , -t b AR w i :
TR T ST S
4 o .,“,;, TR SR VL R s ..
- REPEERES R REES I DO B A I s ot
RN SEEN b Rt G ST
T~X' quod. 1 bt M% AR i S
o g o jood . 3 4 hod s » . g . 4 h [ . ;
*:.._x W SO Y P v R WY ) 4. v‘w ' h _ > V-
r,
I : . ;
3 i , : ) ; ) ’ M..MK



Y

1 W L

i

Lz

.

=

[F SIS SRR QU S R -

-

PR T—
e Ak

b i a

"

L I e
}

|

A fa

i

i

S -

o4 -

[
R

o

R
N

:
[ESENGI S

S S SNy
——— %-".—‘;-—.——o—«

»-

+
N

———

e
¥
]
BN DS

L

»
H

i

— a3y

.

PRSP S

§
+

"
RS S PRI

-

———

e o

1
3

- SR S

P R i T

J o
IR AR , . -
I I }
e g * .

1

e ———

PSSREIEAS. SFSN IS N SV SO

R PSRN G N FON WS- _..._.._

i

}
!
et
. . + r
- * et w {9 i m ‘ : _ b g “
- .“ o e M. :g ¢ . ' ' R
i B e
51J P B I8 4_ N ! . : w M “ _ Bt m . _ m RNRY I M
' ; y 2ot 1 gt M ob s
o g i 44 M m;;m Vb _« ' [y UREE S et
g i A ey rd - pog el b i ; LI H! sy : N
" ._.# ’ xwh“ ”. w..ﬂ . " I S w { . dope
B wops Qeogofe d dege a4 § . . LI . D H R e e
ST R A B R R R R RN RENE RN il
i R4 f v ! N \ 3 M i
igedoeeds R R IR IR R ] s Py g AR
R RS RR R FRRRRRE R R RERRRE .
IR PR ﬁ. g R Vs R ; { H Vg
et AL IeN)  Z-X quo _
Pyt e e ) . k v .
: [EETE A B I ] [ P e .
IR AT R R TEERETN EERERT RS BRI f
.M.._A.w._., .,u_"q...L".,Vm... ;

i

¥
H

ot

H
i
1
H




5

-

PR P .L.J-Lx
-1

g

+
!

Y

H ey ey
L.i._.._...‘*.:_,
b g i
A T
RS S I S
eiis

i

-*_:.;,.‘

o ——

D,

D

Ty H..MJ ¢

I S

e

22
D
+

I
$

-

e

i

b
PO
iy

-

.

-
AN
5

e

}

iy

. —7—‘?-.

=—e-

+
1

s Lo T SETSIRORL U K S

i
—

i

L

-

DS S S, RO

et ok -

T
i

[EPURPIE I 1

i
i

-t
)
Jobos

e

T

ihnabet e

€
+
i

| 3
M

a

i

3
-

o S
SO
i

.

i
.

SR W N
<-

R
4

s

s

g

S S Y.

H
¥
1

H
Loy o
j 1o I
SR U S SRS

]

i

SBSEI TS

R . 1
S e o I o g

R D N R NI ot

oyt

A

ooka - IR T
g JEBI i
M ' bt ;
$ 4 Pt !
[ ] L ]




4

i

]

et

{

oo b

- o

T

i
7

i feded

&

Rk as abands P §
PRI SEpau. T SN

[ .
+
iedins

i
i

3

b b

¥

[V

v

B

b
S

b

H
-4

[t BT
FARPRRLER S

wo

1}
it

_

ok

'
!
3
i

i
i
$
&
!




g4

G

-

63

reheigen PR

-

i

~

| SIS

4

— g s cab b ks

t

T N Lt b A o 1t

4

s g

L)
L

i
.
-4

JUS SRR DR I
-t

rt

-4

—
T
:
P

A?_ -

JOTES NS SEDSIFIN N T
: : T , :
SRR S

[ A G,

i

-
L
M

T
i

SN S

UGI SR

t
T
i
Tt

-+

:
el fhad
EPUEGE OF WY

PIPRTNSUUE I 00 SR S S-S

P o
Nt arRTES BN SE

1
3
T

t
i

S sk

}
i
i
am
y
-

FR

g &

i

[ESUPSS G p

A o

3

TN S

Fapea———
v 4
R

-
+

'SOPUPUIEPS A SIS S
SR

o T n——.




W ABAALE ok St e

-

S e et

=

wid s
H

e

i

4
e foge

§ -

: .
b 4 d--2 .
|-
-+

H
’

“swonn




e ——L R TN IR AT . _ . e

-

[P VRG-SO

N R

PO AR X S USRI e = S
s Do S PRI T S [N ISE I SR QUEDINS -
REJDE UGN HPQEOU S . b s R
o iag AU S, b

.2 N N
L L g

.‘«-. o o-f-oRe-e-ang-

B —

recadead

dee ek -
A R P .
* 4 .

f o ip e

—-f-i.- " .: -
- ot -
* a

b 4 - A oo o

R

SRIRIRY & R -

b - ————— PR Tt AN Y S T :
it VSRR s R T TRSGnUENY R SSERPI U

e p - T D e B

— x R ;._L,-f‘._‘.1_,;-?...i e s g

1 . .

EREY B St e ———
== 6

PRSI PECURIRPD S JOP

B T SUSSUSRIDIIIE SN —— r..* -—— .-~ -
[P PGV SN DI S SN S S S, ———

i 3 = - " | e
PRESSS SR SN SN (R SN $ |1

- [V SN SPRPN SR

e R e i e R

TS Yoy

[PNE S S LU SN SR

B E . TUNPEIPIEE VPSR SIS S S

'
[N SO [

R

i
4 : RS

- BESE SRREN

3 -
]
| i
. i.
. v I -
P S . D [ R ERNGEI
H
R .. .. . .. [N S
- RN DI I, O i
£ NI VRS -+ i
f
N e oo IR ..--'..-—-.. N . e
. v e e ... T N [P
¥
e e T O T A
._’..w..{ BT BRI LA R SRR TR I S

- o e TR PR T AR B, 3




ol N . - N
l . . - ~
. . - «
o * )
. - - -
\
A
© e e Wt ¥ AR 4 P N 1L RO SN St — — e LTI RN L L e Y TR IO Y 12 ey a0 ety

&
T IR >
EPURIRV PR SN TN D WG (USSP Yo
L 4 . N 4 .
t
A
{
. RSP S :
B S P S B :
. $dgddeed {
_ L A " f‘ H
]
i
?
- - S R SeadiR - .- & — e <~ -
4 N ¥ - ) I o
SRIEEPSE TR T el s L P i
R A [ S S G e it i - :
- - - I ] . 't. ! E
- en 07_ - N H i -
| N TR B = S S U g
R R SO [P S NI SO S T N
‘ e . z [N SRR S PR S »:_lf—.._r..u. ».f..._:,.,_._ ._...-,..;-‘_..-.- i
| S e T T TPt 'L“‘?“’**“' B e ST SR o S it SR Tt : .
‘ ¢ —\——-.—Jn—w-‘--—‘._l ' A
| O [N I8 . . H -
P . 0 .
? DI
T 0. :
(6]
- :
. U i
.. & .:
. o i
S . IR
I, i
{
L !
H
SUE— .
. T ! '
i 4
r i
: t
~t :
1R 3
X 4
H
g ;
. H
' — i
+— ;
| !
b + f
- ; [ .
i
; B
) i mammane b o -
TTTT
+ .
i
P
|
i
t
i
3
H
.
3 :
i i .
bt e T R
S84IN NI
. e
P S .._‘.5......_..4 .:} .P‘
i et o s S e e e R S [OES. - - i
5
. "~ Ty 9
: H
. ~ - . — - < [ - - - - e et L YA o s o . app—" 4 el
_




-,

Cnppeins maeime s i

A

l
|
!

T A g atnnc gt b

L o R A T P I R R WG Wt oy 1 ~imrmyom, 5 o = oo oD e | Hob N

——p

: —
VNN Y SNV B
T SO .
. e dea b
BRSNS SRS

. *
1
B TI" U SN

) TRUN -

e S Y ».4_‘_..1__‘ '
b H Dot b

—

S

O e

POV —

B ——

—obea e

-

D Y N T

e eeie—ad

DU ENRULARE IR S

3

s e

k= N

-

. )
———
R, S,

o ¥
o
-

r".:'f

b e a

R |

b — o e il
H

i_.ﬂ_

. TIrSEvAp.

PP SN
1

4o

USSP T

|

gt g
1

2o dons

. e -
- - . e e
.- . H
i
. s e e d e . . o ee oa g
H
- e s . . ....l‘..
. - . - PR )
-+ 4
- CEEEEE B . .:..;‘
. N . . e e g
- .. 44<..!,
1
D A . PRI - . . :
I .
; i
e kg e e e} e e T
N & . FURUR SV SRR F i
o , j
. I e .
NP + | RN RPN « ) DA
. . R TN S b
. . , R I S S
i
4

T LA/SaT




R

-

P e T R T

- e v s

L R i i a T e

P e b

[

= smo gt SRS R

TET 1 -
!—;ka .« P
4d 4 3
: : w e
¥ SR b v e
REEERERER SIEEARERE W
RRRAR S RERRERR: t
.w..q.« 4 .4 _7‘.,._.. _
..am I N g dop dmee -+ N
+ + +r
L) v
1 !

*‘k
!
LT m
Ehe |
PERTIS SR N A RERNS )
) .L 175 I Loprid
4.4 +w4.p RN
SRENE R bdad bt A
borerob by INERERRE
SR - w_ i PEREE
PRI A FUS PO O GO S O O
- 4. 1. B N 43 :
i SIsNaEat |
VW F Xﬂn.; . . ; iv -
SRS RS T ,
RSB N ' N :
: _ .
e | ¥ b ,. SERAS
s ottt i 5 ! T B R e o
M »»H. wg 4 w ,_,M g m».‘ H * ,_v.... m ES b
N . H H i J : i ,

Te e e ke et e i g sk oo 4 gt B S P N (. :
17 R— - S wen o - P Y o . - . [ U PR PR -
. HE B ) - SR -
. . ' . . .
e S e P e S
' ‘
i
. ey
' 1
i 1 T :
@ ! T
N i
V-] i
“ t
i e .
i
| e .
; bl
' R .
. LR — H
PR R !
4 4 S . H
CRs & Chas - SO S S UI—
. -
[




A

- ) . .
. : : . :
Lo d ; .
e - ; -
g . e -
R Y - e . o e LU Y L T U . e
Lo .
LIRS
L : 69
HIE
|
¥ feo . S, .'-;~-7-< - ;. ,—L_T‘-ifi«
1 N TG SESTIIS ) W S
i - ik g i
P ¥f ) - “;*“?‘.“ b ot
ERE PUSEREF S PRODUEPUINEE [SOUD FS. S
} : 4 L,;,,,‘;-
Lt DD
vy
I i '
: + L’.- [~ e R
R L. B
- Ras 2
.A! “ . R
T T SN
k : ek S e
B AR
: ; [E
. : B
: ¥
. . -+
;,
. H
1
i
!
.;.
.
H
H
)
e
-
|
. .. e e e s b o NP : N i
- T Z‘.I.-il SdId NI ,Q"Eiﬁﬁi"g';” b
. e R ot ) | [P
O R S T T
‘ . [ ' 1 ] . v 4 ey (3 . ¥ : |




1 -
' . — . :
’ 7
g et g
A detot 4
Lﬁ.. 4 .~.
ARG NN . i
o 4 + i
™~ 4 4 i
i |vi.1. W ,,__s‘ ;*.
-t -rdg &m«
g M SRR
T SERES
{ gt ue ! i :
. - | _»
‘ RN T« R BEE e M '
¢ ;J,J.,..!f.g_. o 4 * “t T
H ‘,H% IR s bepetoges !
i ' i i 1 H 4
} g s—fmir . et | :
H ..a,ruc,.J; aobge iy vyl oy :
1ot b _, R trt -4
gt adadg {4 ;
j R et
! [RESEN RS 1
YT v ' T :
P 1111 it m
Lo —T 8 + ;
| T aRSE |
” . 4o h- | r :
; !
. L : ! i
£ e ddeg I ¢
! t--t y t
i I .- : i :
L ) : ,
- = bty i
i : _
vo! _ ,, [ mr
) 44 4 bepe g 4
; - i AR
; B St
{ 11 1 R
i M.w 4 P .
: i 3 S
N b + . H e RE = PEEET GRS
! ) i N \ ;
s b o I S ST
) f ' P 1 : ! o
T +
; b - - .o
4 ce s - e
RERE i S R
Am ﬂ 4 4 - e . - -
LR 4 B S e - .o .
1 . C o : } w R, P,
. i N i : ol e
v M i Al T T M .
Ve R IR P . R + - PR AR B
i LI R . [ PR Sl i I PR . e . PR
. yoees H .v Coa e v i “ Ve - . . H . . . v e g e
Dy e - T N I ; - . B
' -t d~-T1-% quodiauoy R (i e
PR (RS . . o ' . R - [ e
i CEREE I s ey . .o . C .. . s . . . . P P
[ T T TR T T T . o . . e e e R v o . ) ey .o i - - . - [
! SRR ER R R AR N R N R RN R ..




L 4

j
!
!
|
!
!

A RPN} LT T EIRAT B 2 K IUICRAE MU 12D oo omeson s o i e

PO .

J

BN

b o b

I TOO N S

ek

el

P

SR I

RS

-

P

-

-
T
4
LR
.7+.-+:
N -
+ s
1+ -4
DR |
4 deee 4
! !
[ER A ]
:

S

+

¢

LR e A

DR
o il
i1 !
: T T
G t

e

.{»A-.;.-. b Aoy e

-4
bl

TR &
Load

Y

4 -

e

b

Lo e

.

.

b
b deed v

Py DR GNP

e o e s - - e s e




|
|

-
o

.
gyl

R P )

TR ey

PR

72

Y S TR R L > N 2t i VD Y v
. o i y ' . . .
- + T T :
a — 5 S S p (‘ g N
4.4 T m» .v.ﬁLM!.f,,Li fd ]
i t S
. 1T R 17
} ,,LJ ; ) C
-
4 - L oo T Lo
SO N W bt

.1_

e
S NP

T
Lot LRSS

BRSO

'
;

S B

dmg el
i

———

e e oy
—

H P N .
R I i S I S

-

.
Aed

+

TEDENN
!

1
-

4o
—

!

S e &

}

i
4
¢

¥

R s
DTN

-

. Dyt

— -

i

S .

H
Jo Y
¢

]
.t

+

el

-

BRIy
i

+
B SENY Y

R I T

"

i

T
sod e

v“vi‘
-!...-L-»-& g

--d -

4=
s
-t
i
+
-

-4
S

bod e iyl

1
i

B SN

e

B L v

Ry

- !
P SN
m -
; T 4 +
[EE T TR lﬁx.. ._ m . w i
q - A, EE »;..”v,. 1. M

SR

SRR EE SIRS ISR S S
L TS
REUES N

. 4

R R R St S S SV

FS S WA

I

DS S

PR TR

§-2-A qugaisuoy

R
. “ e a i ; ! :

} e . s o b .

T S AR

! ' N ' . [ .oy ' ._.
. N o .o oo PR . NP i :
! H . . PRI . §
N R H ! 1




e

- —

)

A

m
|

73

b N e a2

b}

i

PSR
IR

P
T

e

ey b

i
-+

A b

e

et

e

H

bbete o eedende g s dgen

| .i-

i

L

e
4t

1
g b
I
N R
i
B
ES PR
R H
e 4
- M

Jeas————

te-t

e b b

-+
b

+
i
-4

'

e

o
i
e i

e

s
-
*
‘

-

S b
P

I,

1

i

-4

-
P

T

e

e R




TGN e e T L i s i AU RS o o e . ez
i :
“
} o
H
i
P
! ,
m, ¢ L
&
P
¥

fodis

dampad

!
:

]
—eed
1

4
4
o

N
4
i

1

b ol
3
+
t

e

+
T
4

SRS S Y

[P SUREUIIET (O A

o

i

4 :
: i
S
S .
¥ .
H -
i
i
-
: .




Y SN D T i

75

o sl o

o R

oo

i

R e

4 - .
P .
1IN
T s 4 -
- ) Sy + . .
31 IR ‘.
bt + [N .
——
b *_. 4o~ -
Dl .
a——— |
h .
P .
!
s 2
e
P -
4 .
: J. m :
g b
BB .
R ! .
e -4 -+ )
- S S ! X
T i
b4 :
1 : S
—4 - ‘ -
R S SPUN D S5 A R
s S TE T PR SR )

B P o AT




-

ke

=

R

-

-

R

by

4

-

Vi

I
i

- L1
. T 1 i
]
b
- -
8 1 -
S
RO
i
RN

f
Pt

- -y de

H

LT

4t

-

e e S




St d s e )

S

LI RS A ML N o i st e At i o et o

s

TG T T PR

o]

o i R R B ettt S

[ WU SR S5SUINP S

S e NPT T
N P Sy SEPUIIY S—

S T Sy T

e aca—pone a-e-d ﬁ.-._.-l-. [ROUSEPR PG Y- SN
R s o e B R B e R

- . - - B - e - PP T Sy ST S

«

& o mea T m m s Bs s an b onw -
* H

. ——

PN

v N

bemem bm——
e - .
T H

- .m,-** .

|3
e e

P U

L L T NI

SRS S IO AR S S ——

e e i LT e SRS

RSOSSN S SNUURSRI -

B . - —— -
v .

s e R e et

PR .““’"""‘F;"‘““‘i"‘“""““"’
H

D s S 4 -..-,._.-in._,-‘-., ————

i o
~---v.'.Ai',..—.' RPN SRSV AU SR
SRR SUNIY 1 SIS SO V._-;.‘..'i
- 13 - E

H -

s-p - e ie .

D R RN UNRRURE IMDURE SRR AN B §
o SO UGSV PN SN S SURUIPUD: ‘Y S S

IR TREDRE S

[TTTTIEIITIIINE

SRR SN, ——
A S

S S

g

USRS SV SR SIS S
* 1 .

[P SR (- S

e T

1

RPN

[T

b e onsmrante b

SN

YIS SR

i
der

|

R VPN

O

“‘-

menk

s don

AR AN SISO G S
—
1 .
. M i
- <. .. e e e - .. -f—~.: ..A,,z.
e s . - P R I .
-, . e - P S " - o = 'ww-—-.n - -
AR A AL Ra . DopduST]
e N I Ce ey
: '
. .'; - l ‘. - . . . ..; . e
. B .. P . T I ..
) ; !

[

M | ad Vi

Y S

P




st e

rmrong v A g e

[V

> 1 T~ ” Y T -
DG S S L T D D T . b e K e e
. I . H i i $ ;
- B U SR .- 4o - - [ e S it o R I L e B . mm B s e
H h ! : .
--..-..-;...-,. S S T T e S T
: ® i I i
. ... e mmdie aa - B P S L T R Quru S TRPIu- PR SIS S
¢ J' M 1 s H . s i H
+ e - - — K H - '
“ e n ki o oA e e aa e e c m e e bm s e diis o es bretin i e fmem o b via m b i
. . . T H
.- e e e [P PU U S PO S S U DU SN U S S S
N : 1 N z :
- eem e - R LR RS B B R = MR D R S et R R e e Bt ]
R, PO SPURNUND SUNRUN SIS NN SRR UNIIY SUCRESURIRY SDUPS S S
s - i
o
s

TSR e S PEEE L v — P § T B Y Py L Ve W

T S
B | ! JO S,
I .
- - - e = - e e m e = - r——— i e — -
S - O S e B I
g A - - . H

- - - - e e e e ! -— - = B w- - 2 - oy ~—»-—‘—,—~—.-~ - 1

- - ; PR - - e T B e B s
SR S :
N 2 * v
E. - c'\ - - ; s S T ‘._._‘--7%.._‘_. - : M»..‘_a?.---v-.J

- - - . . il —— . -l W - - [ S-S P, .
DA IR R SN D S DS T i P
oo ;‘ NS SNSRI S SR S : ] e s e :
T .
SO SRR S
e . P
U« B
RPN ¢
; . T
I -
: -
P S S ———e
- L N T D R,
: — ¢

. H

B S SO, e e e o]

J S S I B

D — ] T I
-] IS N - SO
B w e e = mw - - —— e i o St
—
T e e . DS,
S (U S S-S
: - O . - . -
S S SR —
| B - i
beooe e R T TR B ——
[ PPN ST B S
R RSN SR SO S
IR SRR P St —
L S Y DRI S
i . - PR A RS

-y
[OOSR

PRER —

gt g
4 v

v mirnpne ]

J—

— h—-—‘—'—-_‘
e B R
PP SUP D S

F

: p )
d e
&
-
;
%
; B}
' .
i N
4
.
R
:

R I o e




79
ISR P

T

SNSRI SR

. AN

———

g

|

PN

i o e

e T

| S
ORI SN S

AP SEI S
R S

g -

PRI 5S-SR S
e e

S SN BADIRI PO B

B e

P S U P

N

R R ™ ¥

B .
. o .
- ¢

LISATATRT

[OUSY ST

4
(
»

T
3

i

H
B e

R
foacsmes
'

vebie e b e s
I

i
.
4
»
!

i
!
¢

‘

[

).

B

P
——




.

.

i
-

s

i

4

t
oot

-

F}.Jv
?
-4

4

i}
i

I

mdhim o wlmin 4 aea

DU It

buen




o - - e - - 3 T—— T o y o
w T . S5 SRR S o e U S O P Ceem e b e e e b e SO T i R TR P W
- Y it T

. Lo Poems v P ' Py . HE
i LR  ER S B : . D
- I i . P : N R : k

. Coeg . o .. . e e b

.

8l

Py

B e o P

—-

q + . PR i
H v . . s
. NI &
] .
1. P
8 :
.N.‘ K - “ P
¥ - -
I . . o .
w B
£ OF m
m ) Tt .
K PP 7> § :
wu B PEEE T,
N T
2y .. 2R :
¢ el
T . PR 7 - .
,« . - .- . *M .
w . . - e . v -
M - . - -
. i LR —
1M N
e
WG
i : :
i : b
. FOV T "
[ AR | i
; . : . , .
; . : T
i . P - et m
B “ o 2 - B T DR P S P AL iy i - M ’




sy s

e PRI

B

82

B

i

e e

N e warT

)

LA

3

i

: =
il Tl
Al ;- sl

M)H - ) .“ﬁvw.
E83E 5
NPT by o
A TRy

i = Loesel
: g .
w. ,.q : 1 e - ”p
LR . H [P - E Lo e e
: m . . ——
~ LI S FE o . i PERNE o . 4k e
H i i . vy . H . - O .
; i 5 R . ; B R s
: ! e s O Fe
SR I N ; : RN LA
X W DI Lo RS .v. 4 - - PR N
. SN " e . P . . - e
PR e PO PR Y ! -
i - . Lo . . . Lo . L e el
| :
o i . L .
: e R : H

- st




e A VS LTS o T AR B AT WA NN e R oy P

R

B it s

i
t
'

PR S

PR

83

P -

R ey

A

W W e e ten

T
. oo
"oy .-
e .
51 S ——
N
T——"
E f .
-4 ¢
, .
.

'
:
t

b g g

.

PO R P

e TR O SRV T

[SPS.

SRS AR Y

—t

Rl S

oKy L AT e L e

N 0 I
! U R 1D
e i
' A

: -
oS B B
M

+
i i
A
.

| I

SSIYLS 1T

-}

’

!
i
!
i

e

.

s e




e 4§ o4

ce e

T3EK)

p SN S

}

-

i :
VS S

————

e =

d

1
o
I
i

q
-

4

.

.

|
m
{

NI §Saar

reany

g

&

[




et YRt e o s e bt e A O R D (e G
wary PO - S S N O A - . e oA R AT € 5 % g . e b P » a5 57 e s G T RS

M ,).,'v - : L
wn e e
™ S T
v.v»..»‘?. PO
P Y -
Sl . .0 C
H \l..“vv.
S g .o 4 - -}
S S . - :
: b o . .
£ i 88 s
H H
{ 3 g . ..
14 i
Y 1 e
¥ 1
W .*. H - -
¥ ..
“ . m
13 . . 71 .
J“, = . e e e e
& PR~ NN
. = S
m @
' s - [ T T N
1 - R poa R L]
¢ - I HER S TR B 3
\ | H w«,;; i A D P
. - . A
.. . = [
e P4 g Pl e, . P S .
. [R . FI VO D A A P -
.M., RS o o o B
! T
: ;
- . ,—s.. . . T i e ao- e . . .;w
v - .L_.. e - e e . o Poe i .w
e e . <. i . Pod e . JEE JE o a4
o I [T R . e f B b i
| : — ; - DU R .
! i ‘e R S O
. . HI? 3 ¢4 ' e PO PR S P N PO 4
~a e rw(f 3 e R ‘ - . by [ R
i il ) : H
: HIN N i -
j TR < . ]
Bt R LR I A B L . AR S A AT I NS 1 8 .
e .Tl;..i. IO SN P RS B RS A B : R
: e bt p . DU SRS NSO S SO+ e e v =
: . T (42T3EN) IS I S S I SR ¢ I R
st SOOI TP S , .. | PR A .. . - F cee e P .. .o .
e .bo...rl‘ R aE -t -+ . B S e H R S e o e . .o N e e - B Ce .
...;.r.TA_x..nii.M g e g il PR A .w .
: A RS EN N o IR I { ; i
' L4 e
e o e a8 oo s o s 4 R - 1 . , .

MR T K




" . .
e . g - S .
!
. { . ’ .
’ 4 TR ah i et G ot st T ST S SN '
, :
‘ v
‘ : 0 «
¢ ¢ <o - . |
, ¥ - |
¢ £ i - |
S 1 ERRNSN i iSuEE W
: : e e !
: e - | { ;
. 4 ! i | ;
. Y R A g b
i
: H
m | i
i H
; i i
! ; ;
| ‘ o
; i
}
: §
H :
: : 2
; o :
{ ERE ‘¢.s.|-'
- B :
t 1 15 S
i 0 q
. W ‘7.‘. ¢
, : b
i i T !
e mz. .
¢ : :
A N Pl e oo m
SEREEREREROS .
PR [N A_ - . : PR
; o
- . . . — — : :
¢ 'y
TR . [ i - ~ e e ; 3 . . . ‘ SRR . P - 3 .fw1v¢ 1 ; Hi
(IPTIEN)  9-&- qUQRASUOH. - IR S PSS S UL ISR SRS T
e e . SO [ PP M‘A.“«w.‘q< - f . N . . i ER. - . Ce e . .
N P coe e 4 O S PO P v R IR \ i . __‘ . : . . P , PR . F
R A - e e e A AT . . . - -
e = i = et - - T " PP TRy RS




$
[
& .
2z
H
._m.
3
" B . T T l I - -
_ *PISSNISTp 2I¢ ‘juawdiys sIT3uUa ur 3O sartzradoad ayy _ "PISSNOSIP asae ‘Jusmdrys 83ITIUa UR JOo sariaadoad ayl —
‘g3sa3 ITdues worj EUTIIS2FUL I0F SPOYIdW ~A3TAarlasafqe ‘53§93 orawes wolJ buriIejur IOoj spoylaw -4A3tarioalqo
_ . 1232216 $3T FO IsNESI] ‘I2A9mOY ‘ITqeiajaxd ST poyidu x33e916 31T JO ISNBIw ‘3IIAIMOY ‘I[qerazaxd sT porIam
123301 ayi ‘terauab ul ‘poylsw IswIol a2yl Aq paonpaz _ T33P 2y3 ‘1eaausb ux -poy3zdw JamIoy Iy Aq paosnpax
asoyl ueyl Iab1Rv] A[IUPISTSUOD a1° poYdW I233eY Iyl XJ @soyy ueyy 1sbiet A73us3isTSUOD die poyIBu IWIIRT ay3 Aq
_ paonpax s3InsaX atdwes JI0J SUOTIPTASP pIEPURIS °IaNpad paonpal s3Insal sdues 103 SUOTILTAIP DIvpuels ~OINPID
+-01d BuT33T] 2AIND [EOTIRWAYIERW pazTiajndwods e pueR 3Inpad _ -ozd But33T}y IaIne [edTIPwWRyILW PSZTIIINdWOD € pUR DI0Pad
loxd Buryjoows puey © BUTSN pPIjEn[RAS DI9M $ISI3 TUWT Y3 ~oxd Huty3zoows puey € HuIsn PaILnLAd SI5M S3I$I3 TIWI 243
] _ pue s3S93 XOTIBN 9Y3 YIOq woxj eiep ayl -wexboid ayj puP S3S33 XDTieN 2yl Y3joq WOIJ e3ep 2yl -weiboad a3
1 ut papniouy axam jsd 000°zZ1 Ara3ewrxoadde jo yjiduaiys e — ut papnyout axam 354 gup‘z1 Arssvmnixoidde jo y3zbusizs e
43ITm I2y30 a3yl pue ‘3sd gpg9 Ararewrxordde jo yzbusixis Y3ira 19y3zo ay3z pur ‘3zd gor9 Ayrejewrxoidde jo yjzbusiys
m Bbutysni> ® y3Tm BuO ‘STTrIajew oml ‘sardwes uostied butysnid> ® y3Tm SUO ‘sTeTIdIew oml “-saydwes uostied
wod uo saTIOoj3RvIOQET XDTIBN 3 pawlojiad 83393 JO SIINSIIX _ -Wwo> U0 SIHTZOILIOQE] YOTIEN IP pamrojiad sisa3 Jo s3qusas
ays YITA poledwod 2Iv Ao yvaoqe] yoIrRDSIY SOTURYDIW 4 BY3I yY3Tm pIodedwod ale AI0IPIOQET YOIPISIY SOTUPYIIMN
— butasautbug ay3l uv pawrojaad s3sal quoddauoy JO s3(nsay “ butasautbuz a3y uy pawzojiad s3sey quodisuoy 3O SITNSIY _
_ 330day T@OTUYDIL PRTIISSRIOUN Jaoday [ROTUYDEL POTITSSRIOUN
S6TATOPIZIWT "ON 3028lc~q — S6TATOPTZTHT -ON 3vafoxg
{N)Z8S-OW¥-6Z1-61 ¥Q 3IDEIJUOD) (N}ZBS-DWV-6Z1~€1 VG 3IDRIJUOD)
_ ' saanbry ‘dd 98 ‘1961 yoaey _ sainbt3 ‘ddnag ‘2961 yoIew _
2sbxaddty ‘v- 3 - 2abaaddry -¥°3d
pue z3axdg puerien ‘uoling M pue z3aadc pueiies ‘uo3linn "I°M
burysay _ burysay
(N)ZBS-WP-HZT-61 ¥Q IDVIJUOD 2 quodXauol xaded 30 uotienleay aarjeredwod {H)Z8S-DHV-6ZT-6T ¥Q IDBPIJUOD -z awoohauoy 1aded 3O uoTienieal sArIeiedEO)
_ sexal ‘urysny ‘sexal Jo A3TsIaATun Byl _ SeX3] ‘uilsny ‘seryal 10 A3TSIIATUR BYL _
juawdinby jo AzaatTrsq TPYIIAVY | KiojezoqeT (oIvasad Soturusay butiosutrbug Juswdinbz jo A12A112Q fPTIBY -1 Az03ez0qeT yaIPESIY FOTURYDIK buTiasurbum
— parjisseroun T *ON UOTSS22DY av _ parjyrsseroun “ON UOTSS2I0Y av _
_||.|||||| —_——t+ Y — — —_—— - -_— _ 1t — - Illl'll_
‘pasFNISTIP 23e ‘juawdiys 3ATiua ue 3o satizadoad ayy -possnasTp wuv ‘juswd(ys 3ITIVS Ur Jo sartiradord ayl
*s3s23 ardwes woxj BuTIiajul 103 Spoyidw -A3rarzonalqo _ ‘53593 ajdwes woX3 buTiIIFUT 10j SPOulIadN -Latarioalqo ~
Ia3Paab 831 JO 2s5nP2IY ‘Idadmoy ‘aTqerazaad s1 poyzdu 1938216 53T jO asnedaq ‘Iaasmoy ‘alqerajsoad ST poysawm
123397 Ay3 ‘Ieaauad ul -poyzaw Iawioj ay3z Aq pasnpax 1233e1 ay3l ‘[ersusb ur ‘poylswm Iawmioj oy3 Agq paonpax
asoyy ueyy Io0bier AT3UPISTSUOD 2IP poyzdw 19331eT Syl Aq — osoyy ueyy Isbie] A7Iua3lsTsuod aie poulom I33Iel syl Ag —
- PIONPA2 SITNESDII ITAWRS I0J SUCIIVIAIP pievpuels °~3anpad paoNpax s3Irsax o1dwes i0J SUOTIRIADY pIPpURIS - 2INPID
| 02d BUTIITI SAINI TEDTIPWIYIEW PIZIIa3ndwod ° puT 3INpPao -ozd Bbut33Ty SaInd (eSIjPwsylPw Paziieindwoo e pur aInpad
oxd butyloows puey ® Buisn pajeniesd 2iam SIFa3 THWI 3yl _ ~0ad butyjoows puey ¢ butlsn pajenyeLd 2IIM $ISII TIWI Y3 _
. pue 2393% XYOTIPN Y3 Y30q wolj viep ayl ‘ueibord ayz pue 53523 YOTIEN Syl y3IOq WOI3 ETep ayl -weibord ayi
uTt ppnrour aixam jsd 000°Z7 Arajewixoadde jo yjbuaizs v ut papniour a1am 3sd 000 Z1 Afalewrxoxdde jo y3Ibuails e
. | Y3TM 7oyac aya pue ‘3ed o0gy Arsiewixoadde jo yibuaays _ Y3aTm 19430 By3 pue ‘3sd p0£9 Ar@jewrxaadde Jo yibuails _
“ butysnas v y3itm auo ‘syeriajzww oml ‘"saydwes uostied butysnio ® yitm U0 ‘sTeiIview Oml -sdrdwes uosTred
R N WOD UC §ITIOINIOGYT OTILN ¥ powloyiad s3sa) 30 SI[nsSaa -WO3 U0 saTIOIRIOQE] XOTIeN IP pawrojiad s3s03 JO S3ITNSAT
ay3 yitm pazedwoo aae A103Ri09€] YOILISAY SOTURYDIN _ ay3 yItm paredwod aze AI0IvIOqE] YOIPISIY SOTUPYIINW
— butxaautdul ayl ur paatojlad s3IEI] QWODADUOY JO 8ITNSIY butisaurbuy syl ui powrozizd $3IS33 qWORAIUOY 3O SITNSIY
310day reoTUYDAL PaTIISSRIOUn _ 330day TRUTUYDOBL PATFISsEIDUN _
~ _ S6TATOPTZIWT "ON 309{0a4 S6TCTOFIZTWT "ON 3d2loxg
* {N)Z28S-OWY-6ZT-61 VI 3IDRIIUOD) — {N}ZBS-DWY~&ZT1-61 VO ISVIUOD)
i saanbty ‘dd 98 ‘961 yoaeR s31nb11 'dd 98 “r961 uydiTK
— aabzaddry *v°'3 _ 10bzaddry "¥°3 _
puw z3axds pueyaey ‘uoling Iy pue 2z321ds puryae) ‘uoling “I'm
buy3ysay . buiisay
(M) ZOS-DWV-6ZT-61 VO 3IORI3U0] ° 7 quooAauoH Jaded jo uoTiRnieaz aatiraedwo) _ (N)ZBS-OWV-6ZT-61 ¥a 3DPIIVOY - qwoA3ucHy 19ded JO UOTIENTPAF SATIRICdmO) —
w SPX3] ‘uUTIS.Y ‘SeXaL JO A31sIdAaTUn Ayl sexal ‘uliIsny ‘sexal jc A3TsIaarup YL
Jusedynkyg jo AxIATTeQ TeIIay ° 1 A103930QeT YOIWSSDY SOTUWYIR Dulaadaurbug — Juemdrnba jo Kisatiag TeTIdY -7 Azcieioqe yoavasay sotueyvan butzaadutbuz
—I peY3Isswyoun - ‘ON UOTSNSIOY “av Patjyssetoun “ON uO188930V av
. — e —— e e et e —_— e — e —— —_——— — —_ . - = — —— i — e

[ — it o - s

— o Y

om0 - At A A i VS,




R IR e e e
B o e e e s

-« -Anclassitied
.Secutity Classifcation
- DOCUMENT CONTROL DATA - R&D

(Soamlv cloull!«“-n of tithe. Sedy of abatrect and indyn.ng anneletion must be antered when the everall report ia classilied)
1. ONIGMATIN 0» ACTIVITY (Cuspersie auther) 28. RUPORT SECURITY € LAISIFICATION
) Unclassified

25. snouUr

- The Univeraity of Texas
Aqstin. Texas

5. RAEPORY-TITLE
COMPARATIVB EVALUATION OF PAPER hONEYCOMB TESTING

(€ LESCRIT 178 WOTES (Type of report and inchesive detes)

Test

[ % Aumm) {Laet Asme, firet name, initiel)

Guyton. W. L., Spretz, Garland; and Ripperger, B, A

6. REFPONY DATE ) Te- TOTAL NO. OF PAGKS 706, %0. OF REPS

March. 1967 86 0

8a. CONTRACT OR GRANT NO. DA19-129-AMC-582(N) 94. ORIGINATOR'S AEPORT NUMBSENS)

& ProsRCY No.  1M121401D195 Sk 68-52-AD

b WA 40 il A o B @

¢ - Sh OTHER R:IPORT N
. _Bis report, Ogl O3} (Any cther nrumbers that —.y b ssslgned

.« o ‘ EMRL Tk 1013

10 AVAABRLITY/LIMITATION lO\’!CES

" Bach transmittal of this document outside. the Department of Defense must have
prior approval of the U, S. Arry Natxc!t Laboratories, Natick, Massachusetts.

11. SUPPLEMENTARY NOTES 12. SPONSCRING MILITARY ACTIVITY

U. S. Arauy Natick Laboratories
Natick, Massachusetts 01760

"3 ABSTRACTY

‘fResulis of honeycomb tests performed in the Engineering Mechanics Research
~ Laboratory are compared with the results of tests performed at Natick Labora-
$Ories on comparisou samples. Two materials, ome with a crushing strength of
approximately 6300 psf, 2ad the other with a strength of approximately 12,000
.. psf mere included in “ne prcgram, The data from both the Natick tests and the
- EMRL tests were e€valuated using a hard smobthing procedure and a computerized
mathematical curve fitting prccedure. Standard deviations for sample results
reduced by the latter method are consistently larger than those reduced by
the former methcd. Ia general, the latter method is preferable, however, be-
cause of its gieater objectivity. Methods for inferring from sample testa,
thc properti.es of an untire shipment. are discugsed, | T
- § . )
NG

i

DD A o 1473 . . r ' Unclassified

Security Clasaification . . ~

WL, ATRRED, Y-
T O R




et Al

3
i

1 S S A N

A 78 AN VMRS W TR R T} PO STRpOT STy ST

Unclassified

Ty, ST T Subagnry TP : . = _<
-, Secunty Classification . el
INK A - LINK B
. ) KEY WORDS L LINK € ]
rorg | wr govs | wo aoLg | wr
Test methods . °

Test equipaent
Honeycoamb coastruction
Cushioning

Air~drop operations

1. ORIGINATING ACTIVITY: Enter the name end addreas
of the contractor, subcontractor, grantee, Depariment of De-
fense activity or other orgenization (comporate suthor) issuing
the report.

2a. REPORT SECURITY CLASSIFICATION: Eanter the over
all security classification of the report. Indicate whether
“Restricted Dete” is included Marking is to be in accord-
ance with sppropriate security regulaticas.

26. GROUP: Automatic downgrading is specified in DoD Di-
rective $200. 10 and Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
!nar:lag'- have been used for Geoup 3 and Group 4 ‘as author-
ized, . '

3. REPORT TITLE: Enter the complete report title in all

capiteal letters. Titles in all cases should be unclassified.

If & meaningful title cannot be selected without classifices
tion, show title classification in all capitals in parenthesis
immediately following the title. -

4. DESCRIPTIVE NOTES: If sppropriate, enter the type of
report, e.g., interim, progress, summary, annual, or final.
Give the inclusive dates when a .pecific reporting period is
covered. .

S. AUTHOR(S): Enter the neme(s) of suthor(s) as shown on
or in the repoit. Enter las: name, first name, middie initial,
If military, show rank end branch of setvices. The name of
the principal author is an absolute min:mum requirement.

6. REPORT DATE: Enter the date of the report as day,
month, year; or monih, yean If more than one date sppears
on the report, uae dste of publication, )

7a. TOTAIL NUMBER OF PAGES: The total page count
should follow normal pagination procedures, L e., enter the
number of pages containing information

7. NUMBER OF REFERENCES: Enter the total number of
teflerences cited in the report,

8a. CONTRACT OR GRANT NUMBER: If sppropriate, enter
the spplicable number of the contract or grant under which
the report was written

8b, &, & 8d. PROJECT NUMBER: Enter the appropriate
military department identification, such as project number,
subproject number, system numbers, task number, stc )
9e. ORIGINATOR’'S REPORT NUMBER(S): Enter the offl-
cial report number by which the document will be identified

and controlied by the originating activity, This number must
be unique to this report.

94, OTHER REPORT NUMBER(S): If the report has been
assigned any other report numbera (either by the originator
or by the eponesor), also enter this number(s).

INSTRUCTIONS

‘cate this fact and enter the price, if known.

F - N )

. .
<. b IR

2t ® ste

10. AVAILABILITY/LIMITATION NOTICES: Enter any lim
itations on further dissemination of the report, other then those
imposed by security classification, using standard statements
such as:

(1) *'Qualified requesters may obtain copies of this
report from DDC.** -

(B “Feorelgm anncuacemsnt and dssoainstion of this
report by DDC iz not suthorized. **

(3) *U. S. Governmen: agencies may obtain coples of

- this report directly from DDC. Other qualified DDC
users shall request through

(4) °‘'U. S. military sgencies may obtain copies of this -
report directly from DDC. Other qualified users
shali request through :

"
13

(S) *All distritution of llil-_ report is controlied Qual-
ified DDC usars shall request through

I the report has been furnighed to the Office of Technical
Services, Department of Commerce, for sale to the public, indi-

11, SUPPLEMENTARY NOTES: Uee for additinna! explana-
tory notes. N

4
12, SPONSORING MILITARY ACTIVITY: Enter the name of
the deparimental project office:or 1aboratory sponsoring (pay-
ing for) the resenrch and development. Include address.

13. ABSTRACT: Enter sn lbstr'_nct glving a brief and factual
summary of the document indicative of the report, even though
it may also appear elsewhere in the body of the technical re-
port. If additional space is required, a continuation sheet
shall be sttached.

It is highly desirable that the abstract of classiiied re-
ports be unclassified. Each paragraph of the abstract shail
end with an indication of the military security classification
of the information in the paragfaph, represented as (73), (S),
(C), or (U).

There is no limitation on the length of the atstract. How-
ever, the suggested length in from 150 to 225 words,

i4. KEY WORDS: Key words are technically mesningful terms
or short phraaes that characterize & report and may be used as
index entries for cataloging thg’ report. Key words inust be
selecterd 30 that no security classification ie required. Iden-
fiers, such as equipment model designation, trade name, mili-
tary project code name, geographic location. may be used as
key words but will be followed by an indication of technical
context. The assignment of links, rules, and weights is

optional. .

)
o [N - A o ' - "
ety s A N T P T T R I TR ST m_«r_.ia‘mm
. . . - N ' .

Unclassified N
“Secutily Classilication . A"

T o

i e

e

SR S ke 80

Sagd A

e

GRIEUHE wiRke s

a2




SUPPLEMENTARY

INFORMATION




6721

-

IR TIFICATION

BB e e e

AD-830 5087,

Teves Univ., Austinv,
kngincering Moot epios
Research Tab,

Rept. no, MHRIL-TR-
1013, USA-NLABS-TR-
68-952-AD

31 Mar 67

Cunlract TA-19-12Y
ANC-582(N)

PRSI et Rl A g st

PR RRTT I P

- e

‘ - DEFLZMSE DOCURERTATION CENTER
HOTICES OF CHARGES L CLASSIFICATION, DISTRuGUTION AMD AVAILABILITY

- P SRS YOO

‘ Vl'()'.&E'iF.R GLATELLIY

: ‘L NLW STATEMENT

1 November 1907

L2 e s e ——

SR e e L S iy

« st s

B e ==y A sy

UsGO:  c2hers to
Aroy Hatick Tobs,,
Altn:  AMXRES-TP,
Natick, Mans,

AUTHORITY

-

' NC} lilh.l.bhtion USANL l,tl‘,

30 Jul 69




